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While item response theory (IRT) research shows a latent severity trait underly-
ing response patterns of substance abuse and dependence symptoms, little is
known about IRT-based severity estimates in relation to clinically relevant mea-
sures. In response to increased prevalences of marijuana-related treatment
admissions, an elevated level of marijuana potency, and the debate on medical
marijuana use, we applied dimensional approaches to understand IRT-based
severity estimates for marijuana use disorders (MUDs) and their correlates while
simultaneously considering gender- and race/ethnicity-related differential item
functioning (DIF). Using adult data from the 2008 National Survey on Drug
Use and Health (N = 37,897), Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV) criteria for MUDs among past-year
marijuana users were examined by IRT, logistic regression, and multiple indica-
tors–multiple causes (MIMIC) approaches. Among 6917 marijuana users, 15%
met criteria for a MUD; another 24% exhibited subthreshold dependence.
Abuse criteria were highly correlated with dependence criteria (correlation = 0.90),
indicating unidimensionality; item information curves revealed redundancy in
multiple criteria. MIMIC analyses showed that MUD criteria were positively
associated with weekly marijuana use, early marijuana use, other substance use
disorders, substance abuse treatment, and serious psychological distress. African
Americans and Hispanics showed higher levels of MUDs than Whites, even after
adjusting for race/ethnicity-related DIF. The redundancy in multiple criteria
suggests an opportunity to improve efficiency in measuring symptom-level
manifestations by removing low-informative criteria. Elevated rates of MUDs117
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118among African Americans and Hispanics require research to elucidate risk
factors and improve assessments of MUDs for different racial/ethnic groups.
Copyright © 2012 John Wiley & Sons, Ltd.Introduction
There is a need to improve understanding of the demo-
graphic and health-related profiles for marijuana use disor-
ders (MUDs) as the debate regarding medical marijuana use
has intensified (http://medicalmarijuana.procon.org/) and
evidence has shown increased levels of marijuana potency
and MUDs among minority groups (Compton et al.,
2004; National Center on Addiction and Substance Abuse
[NCASA], 2008). Here, we apply dimensional approaches
to elucidate the changing demographic profiles of MUDs
and to inform assessment and classification of MUDs for
the Diagnostic and Statistical Manual of Mental Disorders-5
(DSM-5), focusing on dimensionality, redundancy in
criteria, and item-response bias in self-reports of MUD
symptoms. To be consistent with reports of medical
marijuana and the data source for this study, the term
marijuana is used to refer to marijuana/hashish.
The DSM-5 is scheduled to be published in 2013
(Schatzberg, 2010). Owing to a growing body of studies
suggesting that substance abuse and dependence are not
categorical conditions, dimensional item response theory
(IRT) modeling has become an important tool in
informing the classification of substance use disorders
(SUDs) for DSM-5 (Gillespie et al., 2007; Saha et al.,
2006). The IRT assumes that a single latent construct
underlying item responses describes a continuous trait.
The two-parameter IRT model is most often used because
it considers item-level variations in severity/difficulty and
discrimination for a given set of diagnostic questions
(Gillespie et al., 2007; Lynskey and Agrawal, 2007; Saha
et al., 2006; Wu et al., 2009c; Wu et al., 2010b). A severity
parameter indicates an item’s location along the latent
SUD continuum, with higher values indicating higher
severity or risk. A discrimination parameter measures
the degree of precision with which an item discriminates
among individuals with different risks along the SUD
trait, with higher values indicating more relevance to
the underlying construct. This approach suggests that
abuse and dependence criteria for MUDs will form a
dimensional condition and that the severity level of the
latent trait will increase as greater numbers of symptoms
are present, implying that individuals who endorse severe
items will be likely to experience other items.Int. J. MeRecently, IRT has been applied to examine psychomet-
ric properties of the DSM-IV checklist used to assess
substance dependences among patients participating in
national addiction treatment trials, which supports the
construct of a dependence syndrome with varying levels
of severity for both marijuana and alcohol dependences
(Wu et al., 2009b). Moreover, the IRT approach is useful
for evaluating categorical classification of SUDs (abuse
and dependence) as defined in DSM-IV (American
Psychiatric Association [APA], 2010). An abuse diagnosis
requires the presence of ≥ 1 abuse criteria plus an
absence of having dependence; a dependence diagnosis
requires the presence of ≥ 3 dependence criteria. This
hierarchical distinction implies that abuse is less severe
than dependence and possibly more common. However,
evidence shows that dependence symptoms are generally
more prevalent than abuse symptoms, and that about
one-fifth of adults with a history of drug dependence
report no abuse symptoms (Hasin et al., 2005; Wu et al.,
2009c; Wu et al., 2008). IRT analyses of symptom data of
alcohol and various drug use disorders also have shown
that abuse and dependence symptoms form a unidimen-
sional trait (Gillespie et al., 2007; Lynskey and Agrawal,
2007; Saha et al., 2006; Wu et al., 2009c). These findings
have contributed to discussions about merging abuse and
dependence into one diagnosis with varying levels of
severity for DSM-5 (APA, 2010).
However, several areas of the IRT approach warrant
further investigation to improve understanding of IRT-
based estimates. While IRT studies have found that abuse
and dependence symptoms (items) form one dimension-
ality on the IRT-defined latent trait (Gillespie et al.,
2007; Lynskey and Agrawal, 2007), item-level information
curves (IICs) using full information from both severity
and discrimination parameters of each item are infre-
quently reported, making it difficult to evaluate the
reliability of IRT results. Of note, IICs reveal crucial
evidence for selecting “core items” for an assessment tool
(Edelen and Reeve, 2007); when such information is over-
looked, conclusions can be limited or biased. For example,
one IRT analysis has shown that withdrawal was the most
severe item among all cocaine dependence criteria, but
additional analyses of IICs revealed its very low level of
precision, indicating that it is an unreliable item forthods Psychiatr. Res. 21(2): 117–133 (2012). DOI: 10.1002/mpr
Copyright © 2012 John Wiley & Sons, Ltd.
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revealed by IICs as the most reliable, informative item,
implying that time spent is a useful screener for identifying
cocaine users with cocaine dependence problems (Wu
et al., 2009a). Given the scarcity of IIC data to inform
item-level reliability or redundancy in assessing MUDs,
the first aim addresses item-level redundancy for MUD
criteria.
Another factor that impedes fuller use of IRT to inform
addiction research is that some clinicians and researchers
have difficulty understanding the meaning of IRT-based
estimates, as diagnostic items with a low prevalence
frequently indicate severe (difficult) items for a SUD. If
this assumption is feasible, one would expect to find a
significant association between a difficult item and severity
indicators of a MUD (e.g. a greater number of MUD
symptoms, frequent marijuana use, or substance abuse
treatment). This issue warrants research, as a diagnostic
assessment must demonstrate its clinical utility in identify-
ing problematic substance users exhibiting a need for
intervention or treatment. Given the lack of research in
this area, our second aim is to examine associations of
MUD criteria with other clinically relevant health-related
indicators (e.g. substance abuse treatment use, serious
psychological distress, poor self-rated health, major
depression). Because IRT conceptualizes the level of
MUD problems (measured by abuse/dependence criteria)
as a continuous condition, one would expect to find a
significant association between diagnostic criteria of
MUDs and severity-related health indicators, and the level
of MUD severity (the factor score of the MUD criteria) is
expected to correlate positively with a variety of severity
indicators.
Further, one critically important but understudied area
of research involves a general lack of attention to accounting
for differential item functioning (DIF) or item-response
measurement errors in self-reports of SUDs while determin-
ing demographic and health-related correlates for SUDs.
Recent evidence has shown gender- and race/ethnicity-
relatedmeasurement bias in self-reports of abuse/dependence
symptoms, as individuals with an equivalent level of a given
SUD respond differentially to diagnostic questions as a func-
tion of their gender or racial/ethnic backgrounds (Blanco
et al., 2007; Carle, 2010; Wu et al., 2010a; Wu et al.,
2010b). For example, Carle (2010) examined diagnostic
questions for alcohol abuse in the National Epidemiologic
Survey on Alcohol and Related Conditions (NESARC) and
found indication of DIF across multiple items. When ignor-
ing DIF, African Americans and Hispanics appeared to
have more alcohol abuse problems than Whites; however,
after adjusting for identified DIF, Whites and HispanicsInt. J. Methods Psychiatr. Res. 21(2): 117–133 (2012). DOI: 10.100
Copyright © 2012 John Wiley & Sons, Ltd.demonstrated comparable levels of abuse, and African
Americans had lower levels of abuse than Whites (Carle,
2010). The presence of DIF suggests that diagnostic
questions for SUDs may be less accurate for various groups,
and the observed racial/ethnic differences in rates of SUDs
could be biased by measurement errors. These possibilities
pose a concern for generating national estimates to inform
disparities in SUDs.
One solution to mitigate the influence of such mea-
surement errors is to include statistical adjustment for
identified DIF in the analysis of diagnostic data via a
multiple indicators–multiple causes (MIMIC) approach
(Carle, 2010; Wu et al., 2009b; Wu et al., 2010b; Wu
et al., 2009c). MIMIC modeling provides a means for
determining the estimated size of DIF, and simultaneously
allows statistical adjustment for identified DIF when
generating associations between a SUD and covariates
through a regression framework (Wu et al., 2009b; Wu
et al., 2010b; Wu et al., 2009c). MIMIC modeling integrates
the measurement part of the diagnostic criteria with a
regression analysis of covariates on a latent factor score mea-
sured by all the included symptom variables (Wu et al.,
2009b; Wu et al., 2010b; Wu et al., 2009c). As such, multiple
symptom variables (all available MUD criteria) are trans-
formed into a continuous factor score and regressed on
covariates; the identified DIF by background variables are
incorporated as direct effects on the items of concern.
Taken together, given the critical role of a dimensional
IRT approach to DSM classification (APA, 2010), we
explored the clinical meaning of IRT-based severity esti-
mates and investigated demographic and health-related
correlates of MUDs while considering DIF. MUDs are
the most prevalent illicit drug use disorders (Substance
Abuse and Mental Health Services Administration
[SAMHSA], 2009a), with close to one in 10 (9%) adult
Americans reporting a history of MUD (Compton et al.,
2004). The widespread use of marijuana and marijuana-
related problems (e.g. addiction, dropping out of school,
delinquency, crimes, reduced productivity, psychiatric
problems, suicidal behaviors, cognitive impairment,
medical illnesses) have made marijuana use a major public
health concern (e.g. Baker et al., 2010; Compton et al.,
2004; Gfroerer et al., 2002b; Green et al., 2010; Kuepper
et al., 2011; Lynskey et al., 2004; McGrath et al., 2010;
NCASA, 2008; Shapiro and Buckley-Hunter, 2010).
Regrettably, the potency of marijuana is reported to
have increased by about 175% over the past decade, and
treatment admissions for MUDs have likewise increased
(NCASA, 2008; SAMHSA, 2009a). Data from national
US surveys of adults in the early 1990s and early 2000s also
suggest that prevalences of marijuana use and MUDs are2/mpr
119
A dimensional approach to marijuana use disorders L.-T. Wu et al.increasing among African Americans and Hispanics
(Compton et al., 2004); however, the potential changes
in demographic and health-related correlates for MUDs
have not been investigated in a recent and representative
sample of American adults. Given the debate about medi-
cal marijuana in the United States, updated demographic
and health correlates on individuals with MUDs derived
from a large nationally representative sample are needed
to inform research and intervention efforts.
We address these issues by: first, determining how
criterion items of MUDs perform (item-level severity,
discrimination, and information/redundancy) along the
latent liability in a large national sample of adult mari-
juana users; second, examining associations between
IRT-based MUD severity estimates with weekly marijuana
use, early onset of marijuana use, and other clinically
relevant health-related indicators (substance abuse treat-
ment, other substance use disorders, serious psychological
distress, poor self-rated health, major depression); and,
third, exploring demographic and severity correlates for
the latent MUD trait via the MIMIC method to provide
less-biased estimates by adjusting for DIF according to
marijuana users’ gender and racial/ethnic backgrounds.
Weekly and early use of marijuana are included as sever-
ity-related correlates for the latent MUD trait due to their
association with elevated odds of MUDs; similarly, the
selection of other health-related indicators is based on
their clinical relevance to MUD and treatment use
(Anthony and Petronis, 1995; Baker et al., 2010; Blazer and
Wu, 2009; Gfroerer and Epstein, 1999; Gfroerer et al.,
2002b; SAMHSA, 2008). The goals are to improve under-
standing ofmodel-defined severity results by linking the latent
factor score of all available MUD criteria with regression
analyses (MIMIC), and to provide more accurate correlates
for MUDs by adjusting for self-report-related DIF to better
inform prevention and intervention, especially among
Hispanics and African Americans (Compton et al., 2004).
Methods
Data source
Data for this study were from the public-use data file of
the 2008 National Survey on Drug Use and Health
(NSDUH), the only survey designed to provide ongoing
national estimates of substance use and disorders in the
United States, which includes the largest sample of adult
marijuana users of any survey that has been completed
(SAMHSA, 2009a). The target population includes resi-
dents of households from the 50 states plus the District
of Columbia (including shelters, rooming houses, and
group homes) and civilians residing on military bases.Int. J. Me
120Participants are selected by multistage area probability
methods to ensure that each independent cross-sectional
sample is representative of persons aged ≥12 years. Prospec-
tive respondents are assured that their names will not be
recorded and their responses will be kept strictly confiden-
tial, and all study procedures and protections are carefully
explained. In 2008, a total of 68,736 respondents aged
≥12 years completed the interview (weighted interviewing
response rate = 74%). The study focused on adults aged
≥18 years (N = 37,897), of whom 10% (n = 6917) reported
marijuana use in the past 12 months. Of the 6917 users,
60% were male, 64% were 18–34 years of age, 31% were
non-White (15.7% African-American, 10.7% Hispanic,
4.9% other), 49% had not attended a college, and 45%
had an annual family income under US$40,000.
Data collection
Since 1999, the interview has been carried out with com-
puter-assisted interviewing methodology, using a combina-
tion of computer-assisted personal interviewing conducted
by the interviewer for demographic questions and audio
computer-assisted self-interviewing (ACASI) for questions
related to substance use, SUDs, treatment, and health status.
ACASI provides respondents with a highly confidential
means of responding to questions to increase honest report-
ing of sensitive behaviors. Respondents read questions on
the computer screen or questions are read to them through
headphones, and they enter responses directly into a
computer provided by the interviewer. The use of ACASI,
anonymous data collection to enhance privacy, and detailed
probes have reduced reporting bias and improved the
quality of data (Gfroerer et al., 2002a; SAMHSA, 2009a).
Measures
Marijuana use
Each category of substance use in NSDUH was assessed by
discrete questions in separate sections; each section also
included a detailed description of the substance class and
a list of substances belonging to that class. These questions
were implemented and administered by ACASI. Marijuana
use was defined as any self-reported use of marijuana and
hashish. Respondents were read the following: “Marijuana
is also called pot or grass. Marijuana is usually smoked—
either in cigarettes called joints or in a pipe. It is sometimes
cooked in food. Hashish is a form of marijuana that is also
called hash. It is usually smoked in a pipe. Another form of
hashish is hash oil.” The survey then employed discrete
questions to assess respondents’ past-year frequency of use
and age of first use. Both were coded categorically andthods Psychiatr. Res. 21(2): 117–133 (2012). DOI: 10.1002/mpr
Copyright © 2012 John Wiley & Sons, Ltd.
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and Epstein, 1999; Gfroerer et al., 2002b).MUDs
Assessments for MUDs and other SUDs were adopted
from questions used in the National Comorbidity
Survey. As part of an ongoing process for improvement,
diagnostic questions were modified and cognitively
tested to determine how well they were understood by
respondents, evaluated by experts to determine how well
the questions captured the DSM-IV criteria, and admin-
istered by ACASI (APA, 2000; Epstein, 2002; SAMHSA,
2009a). Marijuana users who reported using on 6+ days
in the past 12 months were assessed for abuse and
dependence; very infrequent users are considered unlikely
to develop a MUD given the drug’s relatively low
abuse/dependence liability compared with other illicit
drugs. For other illicit drugs, all past-year users were
assessed for abuse and dependence.
The four abuse criteria include: (A1) serious problems
at home, work, or school; (A2) regular consumption that
put the user in physical danger; (A3) repeated use that
led to trouble with the law; and (A4) problems with family
or friends caused by continued use. The six dependence
criteria are: (D1) tolerance; (D2) more frequent use than
intended or inability to maintain limits on use; (D3)
inability to reduce or stop use; (D4) spending a great deal
of time over a period of a month using the drugs or getting
over the effects of use; (D5) reduced involvement or
participation in important activities because of use;
and (D6) continued use despite related problems with
emotions, nerves, or mental or physical health. Mari-
juana withdrawal is not identified in DSM-IV and
thus not a criterion used for diagnosing dependence
(APA, 2000). Past-year marijuana users endorsing ≥3
dependence criteria in the past year were classified as
dependent; those reporting ≥1 abuse criteria but not
meeting criteria for dependence were classified as
having abuse (APA, 2000); marijuana users who met
1–2 dependence criteria but did not qualify for
dependence or abuse were classified as subthreshold
dependence (Degenhardt et al., 2002).
Several studies have demonstrated support for NSDUH
measures (SAMHSA, 2009a). A large reliability study
found substantial (for abuse/dependence questions) to
nearly perfect (for cigarette, alcohol, and marijuana use
questions) response agreement for NSDUH measures
(Chromy et al., 2009); another NSDUH validity study
revealed high agreement between self-reported use and
urine drug test results (tobacco, 85%; marijuana, 90%;Int. J. Methods Psychiatr. Res. 21(2): 117–133 (2012). DOI: 10.100
Copyright © 2012 John Wiley & Sons, Ltd.cocaine, 95%) (Harrison et al., 2007). NSDUH-defined
past-year prevalence of SUDs (alcohol or drug) among
adults in 2000 (6.7%) resembled the prevalence of SUDs
(7.4%) among adults in the National Longitudinal Alcohol
Epidemiologic Survey (Epstein, 2002).
Demographic and severity-related variables for MUDs
We examined age, gender, race/ethnicity, educational level,
and annual family income to identify marijuana users’
demographic profiles. Weekly marijuana use (≥ 52 days/
yearly), early onset of marijuana use (≤ 15 years), other
SUDs, substance abuse treatment, serious psychological
distress, poor self-rated health, and major depression were
explored as severity-related indicators for MUDs (Anthony
and Petronis, 1995; Baker et al., 2010; Blazer and Wu,
2009; Gfroerer and Epstein, 1999; Gfroerer et al., 2002b;
SAMHSA, 2008). These variables were dichotomously
coded (presence versus no). Other SUDs included past-year
DSM-IV alcohol or other drug use disorders (cocaine/
crack, heroin, hallucinogens, inhalants, analgesic opioids,
stimulants, tranquilizers, sedatives); past-year tobacco
dependence was not available. Substance abuse treatment
use was defined as any receipt of treatment services specifi-
cally related to alcohol or drug use in the prior year (Wu
and Ringwalt, 2004). Assessments of past-year major
depression were based on DSM-IV criteria and adapted
from the National Comorbidity Survey Replication (Kessler
et al., 2005). Other mental disorders were not assessed.
Serious psychological distress was measured by the K6
(Kessler et al., 2003), which assesses symptoms of psycho-
logical distress during the one month in the past 12 months
when respondents were at their worst emotionally. It has
strong psychometric properties and has demonstrated
adequate sensitivity and specificity in discriminating
DSM-IV cases from non-cases (Andrews and Slade, 2001;
Kessler et al., 2002).
Data analysis
Owing to the complex survey design of the NSDUH, data
were weighted to adjust for non-response, post-stratified to
known population control totals (estimates of age, gender,
race/ethnicity from the 2000 US census), and controlled
for extreme weights when necessary (SAMHSA, 2009a).
SUDAAN (Research Triangle Institute, 2006) was used to
examine distributions of study variables (chi-square test).
Consistent with IRT studies on SUDs (Gillespie et al.,
2007; Lynskey and Agrawal, 2007; Wu et al., 2009c), discrete
factor, IRT, and MIMIC analyses were based on past-year
marijuana users (N = 6917). Mplus (version 5.1) with com-
plex survey procedures was used for these analyses (Muthén2/mpr
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abuse/dependence criteria was conducted using a weighted
least-squares estimation procedure to examine IRT’s
assumption of unidimensionality (Embretson and Reise,
2000). The scree plot of eigenvalues (Cattell, 1996) and
the ratio of the first to the second eigenvalue were used
to assess support of unidimensionality for IRT modeling
(Wu et al., 2009c).
A two-parameter IRT model examined the relation-
ship between marijuana users’ response to each item
and their level on the latent trait of MUD severity, which
is described by a monotonically increasing S-shaped item
characteristic curve (ICC) (Embretson and Reise, 2000).
The ICC indicates the association between levels of
MUD trait and the likelihood of exhibiting the 10 crite-
ria. The latent MUD trait falls on a continuum typically
scaled from 3 to +3 in standardized units (mean = 0;
standard deviation = 1) (Embretson and Reise, 2000).
Individuals with high levels of MUD trait will have a
higher likelihood for having MUD. IICs (Baker, 2001)
were created to evaluate where along the latent severity
continuum each criterion provided a greater amount of
information; the more information a criterion provides
at a given location, the smaller the standard errors that
exist in that range (greater precision).
Finally, the continuous factor score of the 10 criteria
(the one-factor dimensional mode) was regressed on
each categorical covariate through MIMIC modeling to
determine their associations with MUD trait (Wu et al.,
2009c; Wu et al., 2010b). The MIMIC model includes:
(a) the measurement of the 10 MUD criteria (the latent
MUD score/severity), (b) the regression part of latent
MUD severity on covariates, and (c) direct effects of
covariates on a specific item (DIF). The later part involved
sequential tests of direct effects by marijuana users’
gender and race/ethnicity variables to elucidate the
presence of DIF (Wu et al., 2009c; Wu et al., 2010b).
We report unadjusted regression coefficients (b) and
adjusted b with versus without controlling for identified
DIF to understand the extent of DIF on associations with
MUD (Wu et al., 2009c).
Tucker–Lewis Index (TLI), comparative fit index
(CFI), and root mean square error of approximation
(RMSEA) were used to assess fit of factor, IRT, and
MIMICmodels. Values of TLI and CFI ≥ 0.95 (1 = perfect
fit) and values of RMSEA ≤ 0.06 (lower value, better fit)
indicate an excellent fit to the data (Browne and Cudeck,
1993; Hu and Bentler, 1999). All results reported are
weighted estimates taking into account complex survey
designs (weighting and clustering); only sample sizes
are unweighted.Int. J. Me
122Results
Marijuana use disorders (MUDs)
Of the 6917 past-year marijuana users, 15% met DSM-IV
criteria for marijuana abuse (5.3%) or dependence (9.6%),
and another 24% had subthreshold dependence (endors-
ing 1–2 dependence criteria but no abuse) (Table 1).
An elevated rate of abuse was noted among men (6%),
young adults aged 18–25 years (7%), and adults who did
not complete high school (10%); an elevated rate of depen-
dence was found among young adults aged 18–34 years
(11  14%), African-Americans (12%), Hispanics (13%),
and adults who did not attend college (12%). Subthreshold
dependence was likely to be found among men (28%),
young adults aged 18–25 years (29%), African Americans
(30%), adults who did not complete high school (29%),
and those with a family income < US$40,000 (27%).
Patterns of MUD symptoms
Among all marijuana users, dependence criteria
(5.3 – 30.2%) were more commonly endorsed than abuse
criteria (2.1 – 4.7%). The abuse group was more likely to
report A2 (hazardous use: 48.9% versus 21.5%) and A3
(problems with the law: 18.3% versus 11.8%) than the
dependence group; the latter was more likely to endorse
all individual dependence criteria (43.0 – 93.8%) than
the abuse group (1.5 – 59.9%). However, a high propor-
tion of the abuse group also endorsed D1 (tolerance,
34.1%) and D4 (time spent using, 59.9%) (Table 2).
Factor and IRT analyses of MUD criteria
Both the scree plot and the ratio of the first eigenvalue to
the second (6.32/1.10 = 5.7) from discrete factor analysis
indicated a dominant single factor underlying the 10
criteria (factor loadings were freely estimated). The one-
factor model of the 10 criteria showed an excellent fit to
the data (CFI = 0.976, TLI = 0.970, RMSEA = 0.013), as
did the two-factor model (CFI = 0.975, TLI = 0.973,
RMSEA = 0.012). The two-factor model indicated that the
abuse factor (the four abuse criteria) and the dependence
factor (the six dependence criteria) were highly correlated
(correlation = 0.90). These results provided support for
unidimensionality of the 10 criteria to allow for IRT
modeling (Table 3).
As represented by ICCs in Figure 1, the 10 criteria had a
moderately good-to-high discrimination (0.9  1.8) for
differentiating among marijuana users along the middle-
to-high severity levels for MUD risk (0.6  2.8). A2  A3
(hazardous use; problems with the law) represented the
most severe levels on the IRT-defined continuum (shiftedthods Psychiatr. Res. 21(2): 117–133 (2012). DOI: 10.1002/mpr
Copyright © 2012 John Wiley & Sons, Ltd.













Sample size n = 853 n = 419 n = 1909 n = 3736
Overall 9.6 (0.52) 5.3 (0.37) 24.2 (0.93) 60.9 (1.08)
Gender
Male 10.0 (0.61) 6.3 (0.54) 28.1 (1.39) 55.7 (1.42) 47.3 (3)
Female 9.1 (0.69) 3.8 (0.52) 18.6 (1.21) 68.5 (1.48) <0.01
Age in years
18–25 13.6 (0.73) 6.6 (0.40) 29.0 (0.80) 50.8 (1.07) 90.5 (6)
26–35 10.6 (1.44) 5.0 (1.14) 25.1 (1.58) 59.4 (2.21) <0.01
35 or older 4.5 (0.90) 3.9 (0.88) 18.3 (2.26) 73.3 (2.36)
Race/ethnicity
White 8.5 (0.54) 5.1 (0.50) 24.0 (1.01) 62.4 (1.30) 32.4 (9)
African-American 12.3 (1.71) 5.0 (1.15) 29.9 (3.09) 52.8 (2.81) <0.01
Hispanic 13.4 (2.01) 7.6 (1.39) 19.8 (1.80) 59.3 (2.59)
Other 8.1 (2.30) 3.2 (0.84) 19.5 (3.96) 69.3 (4.49)
Education
< High school 12.1 (1.52) 9.6 (1.44) 29.3 (1.68) 49.0 (2.70) 53.5 (6)
High school 11.8 (1.14) 5.8 (0.73) 26.3 (1.65) 56.1 (1.82) <0.01
≥ College 7.5 (0.58) 3.6 (0.44) 21.4 (1.35) 67.5 (1.58)
Family income
< $40,000 10.9 (0.80) 6.0 (0.59) 27.2 (1.02) 55.9 (1.37) 15.5 (6)
$40,000–$74,999 9.2 (1.20) 4.7 (0.80) 23.8 (1.56) 62.3 (1.97) <0.05
≥ $75,000 7.8 (0.96) 4.7 (0.78) 19.5 (2.22) 68.0 (2.83)
Note: Sample sizes are unweighted; all other results are weighted figures. Df, degrees of freedom; SE, standard error.
Table 2 Prevalence of DSM-IV marijuana abuse and dependence symptoms among past-year marijuana users
aged ≥ 18 years (N = 6917)
DSM  IV criteria for marijuana









Sample size n = 6917 n = 853 n = 419 n = 5645
Proportion, column % (SE)
A1: Role interference 4.6 (0.40) 32.1 (2.40) 28.0 (3.77) 0 NS
A2: Hazardous use 4.7 (0.35) 21.5 (1.79) 48.9 (4.36) 0 197.7(1) <0.01
A3: Problems with the law 2.1 (0.25) 11.8 (1.49) 18.3 (3.33) 0 NS
A4: Relationship problems 3.4 (0.28) 23.0 (2.10) 22.7 (2.84) 0 NS
D1: Tolerance 19.7 (0.89) 80.6 (2.88) 34.1 (3.78) 11.9 (0.71) 224.9(2) <0.01
D2: Taking larger amounts or longer 5.4 (0.44) 45.6 (3.17) 1.5 (0.88) 1.0 (0.20) 149.1(2) <0.01
D3: Inability to cut down 5.3 (0.44) 43.0 (2.53) 3.7 (1.88) 1.1 (0.25) 170.5(2) <0.01
D4: Time spent using 30.2 (0.87) 93.8 (1.61) 59.9 (3.84) 21.2 (0.90) 399.2(2) <0.01
D5: Giving up activities 8.1 (0.51) 61.2 (2.57) 15.6 (3.16) 1.7 (0.28) 264.0(2) <0.01
D6: Continued use despite
resulting medical or
psychological problems
6.8 (0.45) 54.1 (2.98) 9.9 (2.32) 1.3 (0.19) 160.7(2) <0.01
Note: Sample sizes are unweighted; all other results are weighted figures. Df, degrees of freedom; SE, standard error; NS,
not significant (p > 0.05).
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Table 3 IRT analysis of DSM-IV criteria for marijuana abuse and dependence among past-year marijuana users





















A3: Problems with the law 2.1 (1.65–2.68) 0.7 (0.66–0.79) 1.1 (0.86–1.25) 2.8 (2.51–3.08) 5.2 (4.61–5.68)
A2: Hazardous use 4.7 (3.99–5.41) 0.7 (0.60–0.73) 0.9 (0.74–1.04) 2.5 (2.29–2.76) 4.2 (3.73–4.58)
A4: Relationship problems 3.4 (2.90–4.01) 0.8 (0.74–0.83) 1.3 (1.07–1.44) 2.3 (2.16–2.50) 5.2 (4.88–5.49)
D3: Inability to cut down 5.3 (4.48–6.25) 0.8 (0.76–0.84) 1.3 (1.12–1.53) 2.0 (1.87–2.18) 4.4 (4.09–4.72)
D2: Taking larger
amounts/longer
5.4 (4.54–6.30) 0.8 (0.76–0.85) 1.3 (1.13–1.56) 2.0 (1.85–2.17) 4.5 (4.16–4.81)
A1: Role interference 4.6 (3.83–5.44) 0.9 (0.84–0.91) 1.8 (1.51–2.12) 1.9 (1.81–2.05) 5.2 (4.83–5.51)
D6: Continued use despite
problems
6.8 (5.98–7.77) 0.8 (0.75–0.85) 1.3 (1.11–1.54) 1.9 (1.72–2.02) 4.4 (4.15–4.69)
D5: Giving up activities 8.1 (7.15–9.21) 0.9 (0.84–0.90) 1.8 (1.51–2.04) 1.6 (1.51–1.70) 4.4 (4.12–4.64)
D1: Tolerance 19.7 (17.96–21.52) 0.8 (0.71–0.79) 1.1 (0.99–1.28) 1.1 (1.03–1.24) 3.0 (2.88–3.16)
D4: Time spent using 30.2 (28.49–31.97) 0.8 (0.75–0.84) 1.3 (1.12–1.52) 0.6 (0.59–0.71) 2.5 (2.41–2.67)
Note: Sample sizes are unweighted; all other results are weighted figures. CI, confidence interval.
aPrevalence of endorsement of each criterion among the 6,917 marijuana users.
bThe IRT model included the 10 abuse and dependence criteria; CFI = 0.97; TLI = 0.97; RMSEA = 0.01.








































































t A1: Role interference
A2: Hazardous 
A3: Problems with the law 
D1: Tolerance 
D2: Taking larger 
D3: Inability to cut 
D4: Time spent using 
D6: med/psychol. problems 
D5: Giving up activities 
A4: Relationship 
Figure 1 Item characteristic curves for marijuana abuse and dependence criteria (N = 6917).
A dimensional approach to marijuana use disorders L.-T. Wu et al.to right end in Figure 1), followed by A4 (relationship
problems), D2  D3 (taking larger amounts; inability to cut
down), A1 (role interference), and D5  D6 (giving up
activities; medical/psychological problems). D1, D4 (toler-
ance, time spent) were endorsed at the lowest severe level.
Marijuana users who endorsed D4 or D5 also endorsed
significantly fewer mean numbers of the 10 criteria than
marijuana users who endorsed other criteria (Table 3).Int. J. Me
124IICs added valuable information about item-level
reliability (measurement error) in assessing the latent
MUD trait (Figure 2) and clarified the presence of three
sub-clusters of symptoms ranging from low-to-middle
(D1, D4), middle-to-high, (A1, A4, D2  D3, D5  D6,
A4), to high (A2  A3) severity. A1 (role interference)
and D5 (giving up activities) were the most reliable indica-
tors for middle-to-high levels of MUD. Both A2 and A3thods Psychiatr. Res. 21(2): 117–133 (2012). DOI: 10.1002/mpr







































































A3: Problems with the law
D1: Tolerance
D2: Taking larger/longer
D3: Inability to cut down
D4: Time spent using
D6: medical/psychol. problems
D5: Giving up activities
A4: Relationship problems
Figure 2 Item information curves for marijuana abuse and dependence criteria (N = 6917).
L.-T. Wu et al. A dimensional approach to marijuana use disorders(hazardous use; problems with the law) provided informa-
tion for differentiating among marijuana users at high levels
of MUD.
Item-level associations with severity-related
characteristics
Logistic regression analyses were performed to examine
associations of each (observed) criterion with each
severity-related variable (Table 4). All individual criteria
were associated with increased odds of weekly marijuana
use, early use (onset <16 years), use of substance abuse
treatment, other SUDs, and serious psychological distress,
while some criteria were associated with increased odds of
poor self-rated health (three abuse and two dependence
criteria) and major depression (three abuse and three
dependence criteria).
The latent factor score of the 10 criteria and severity-
related characteristics
MIMIC modeling considered all 10 criteria of MUD
simultaneously by providing a means by which the
continuous factor score of the 10 criteria was regressed
on demographic and severity-related variables (Table 5).
Weekly marijuana use, early marijuana use, substance
abuse treatment, other SUDs, and serious psychological
distress were positively associated with the factor score of
MUD criteria even after controlling for age, gender, race/
ethnicity, education, and family income.
MIMIC modeling also expanded to include analyses of
DIF by gender and racial/ethnic status. There was indica-
tion of DIF in self-reports of MUD symptoms (Figure 3).Int. J. Methods Psychiatr. Res. 21(2): 117–133 (2012). DOI: 10.100
Copyright © 2012 John Wiley & Sons, Ltd.At the equivalent MUD level, women were more likely
than men to endorse D2 (taking larger amounts/longer,
regression coefficient = 0.17) and D6 (medical/psychological
problems, regression coefficient = 0.19); African-Americans
were less likely than Whites to endorse A3 (problems with
the law, regression coefficient =0.33); and Hispanics were
less likely than Whites to endorse D1 (tolerance, regression
coefficient = 0.27) and D4 (time spent, regression
coefficient = 0.28).
In the model incorporating identified DIF (Figure 3),
younger ages (18–25 versus ≥ 35 years; 16–34 ver-
sus ≥ 35 years), being African-American or Hispanic (versus
being White), high school education (versus ≥ college),
weekly or early marijuana use, other SUDs, use of substance
abuse treatment, and serious psychological distress
were positively associated with an increased level of MUD
trait, while female gender was negatively associated with
MUD trait.
Discussion
The reported increased rates of MUDs among minority
groups and marijuana-related treatment admissions, an
elevated level of marijuana potency, and the debate
on medical marijuana use have resulted in calls for
research to evaluate potentially changing profiles for
MUDs (Compton et al., 2004; NCASA, 2008; SAMHSA,
2009b). Using data from a large nationally representa-
tive sample of marijuana users, we integrated latent
(IRT/MIMIC) and observed (logistic regression) proce-
dures to evaluate population disparities in MUDs while
considering gender- and race/ethnicity-related DIF in
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Table 5 The MIMIC modeling of the latent factor score of the 10 marijuana abuse and dependence criteria and its association
with demographic characteristics and other severity-related marijuana use and health measures among past-year marijuana
users aged ≥ 18 years (N = 6917)
The MIMIC model of the
latent factor score












Female versus male 0.22 (0.04)*** — 0.17 (0.06)** 0.20 (0.06)***
Age in years
18–25 versus ≥ 35 years 0.50 (0.06)*** — 0.53 (0.07)*** 0.53 (0.07)***




0.19 (0.06)*** — 0.16 (0.07)* 0.16 (0.08)*
Hispanic versus White 0.21 (0.07)*** — 0.15 (0.07)* 0.24 (0.08)**
Other versus White 0.09 (0.11) — 0.01 (0.11) 0.03 (0.12)
Education
< High school versus
≥ college
0.37 (0.06)*** — 0.01 (0.06) 0.01 (0.06)
High school versus
≥ college
0.28 (0.05)*** — 0.12 (0.05)* 0.12 (0.05)*
Family income
< $40 K versus ≥ $75 K 0.24 (0.07)*** — 0.02 (0.08) 0.02 (0.08)
$40 K–$74,999 versus
≥ $75 K
0.11 (0.07) — 0.02 (0.07) 0.02 (0.07)
Weekly marijuana use
Yes versus no 1.17 (0.05)*** 1.15 (0.05)*** 0.14 (0.05)** 0.14 (0.05)**
First marijuana use ≤ 15 years
Yes versus no 0.39 (0.04)*** 0.37 (0.04)*** 1.18 (0.06)*** 1.19 (0.06)***
Substance abuse treatment
Yes versus no 0.56 (0.08)*** 0.55 (0.07)*** 0.44 (0.06)*** 0.45 (0.06)***
Serious psychological distress
Yes versus no 0.41 (0.04)*** 0.46 (0.05)*** 0.37 (0.07)*** 0.37 (0.07)***
Poor/fair self-rated health
Yes versus no 0.26 (0.08)*** 0.29 (0.08)** 0.15 (0.09) 0.16 (0.09)
Major depression, past year
Yes versus no 0.24 (0.05)*** 0.30 (0.05)*** 0.03 (0.07) 0.03 (0.07)
Other substance use disorders, past year
Yes versus no 0.41 (0.04)*** 0.37 (0.04)*** 0.24 (0.04)*** 0.24 (0.04)***
Note: Sample sizes are unweighted; all other results are weighted figures. DIF, differential item functioning; SE, standard error.
aThe unadjusted MIMIC model included one variable listed in that row.
bThe adjustedmodel included one variable listed in that row, adjusting for gender, age, race/ethnicity, education, and family income.
cThe adjusted model included all variables listed in the first column.
dThe adjusted model included all variables listed in the first column and DIF variables (Figure 3).
*p < 0.05; **p < 0.01; ***p < 0.001.
L.-T. Wu et al. A dimensional approach to marijuana use disordersindicate support for IRT-based severity estimates
because, at a syndrome level, the factor score of all
MUD criteria was positively associated with weekly or
early onset of marijuana use, other SUDs, substanceInt. J. Methods Psychiatr. Res. 21(2): 117–133 (2012). DOI: 10.100
Copyright © 2012 John Wiley & Sons, Ltd.abuse treatment, and serious psychological distress.
This pattern was identified from logistic regression
analysis of individual item-level data. MIMIC modeling
using information from all available MUD criteria2/mpr
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Figure 3 The MIMIC model of marijuana abuse and dependence (N = 6917).
A dimensional approach to marijuana use disorders L.-T. Wu et al.further revealed an elevated level of MUDs among
young adults, African-Americans, and Hispanics; this
association remained after adjusting for identified DIF
in self-reports of MUDs. This finding supports other
national data from adults collected during the early
2000s showing an increased level of marijuana-related
problems among young users who were African-American
or Hispanic (Compton et al., 2004).Int. J. Me
128What this study adds
First, these results reveal a high level of redundancy in
diagnostic questions for MUDs and suggest a need to
reduce the number of criteria used to assess symptoms
of MUDs. Prior IRT studies of SUD data have found that
criterion symptoms for individual SUDs (including
MUDs) form a unidimensional distribution (e.g. Gillespiethods Psychiatr. Res. 21(2): 117–133 (2012). DOI: 10.1002/mpr
Copyright © 2012 John Wiley & Sons, Ltd.
L.-T. Wu et al. A dimensional approach to marijuana use disorderset al., 2007; Lynskey and Agrawal, 2007); item-level infor-
mation data (IICs), however, were omitted. Here, we have
shown that IICs provide clearer item-level performance
than ICCs as IICs clarify the presence of six criteria (A1,
A4, D2, D3, D5, D6) measuring similar middle-to-high
levels of the MUD trait. Of these, role interference and
giving up important activities were the most reliable indica-
tors, suggesting that less reliable items are redundant and
could be evaluated for removal to improve efficiency in
the assessment of MUD in clinical settings.
IICs also show that items assessing either the lower
ends (dependence items: tolerance, time spent using) or
the high ends of the MUD trait (abuse items: problems
with the law and hazardous use) are comparatively low-
reliable indicators. This pattern not only supports other
IRT findings that dependence criteria for SUDs (e.g.
alcohol, marijuana, cocaine, hallucinogen, opioid) are
not necessarily more severe indicators than abuse criteria
(Gillespie et al., 2007; Piontek et al., 2011; Saha et al.,
2006; Wu et al., 2009c), but also suggests that the proposal
to use two criteria as a threshold for defining a MUD
(APA, 2010) may not reliably identify marijuana users
with a clear need for intensive treatment. Additional con-
sideration of other health indicators (e.g. psychological
distress) or marijuana use behaviors (e.g. weekly or early
onset of use) appear more likely to provide information
to guide effective use of more intensive interventions, such
as outpatient or residential treatment. However, the low
reliability of the most severe items – problems with the
law (2.1% in marijuana users) and hazardous use (4.7%)
– is related to their low prevalence. Nevertheless, both
are likely indicators of involvement in costly interventions
(e.g. involvement with the criminal justice system and
treatment admissions due to accidents/injuries). Therefore,
both may serve as useful screeners for identifying more
problematic marijuana users with a need for early or more
intensive interventions. The proposed suggestion to remove
problems with the law from the criteria in DSM-5 (APA,
2010) could be evaluated according to its impact on
excluding some marijuana users from treatment.
Secondly, this study expands the scope of IRT studies
by demonstrating an innovative means for linking IRT-
based severity estimates with clinically relevant variables
to explore the utility of a dimensional approach for assessing
MUDs. For example, one uncertainty with IRT-based sever-
ity estimates for SUDs concerns their exclusive reliance on
symptom-level data, and severity parameters often correlate
positively with rarity in symptom occurrences (e.g. Saha
et al., 2006; Wu et al., 2009c). Using a dimensional (IRT/
MIMIC) approach to link diagnostic data with health-
related measures, we found that this model-based severityInt. J. Methods Psychiatr. Res. 21(2): 117–133 (2012). DOI: 10.100
Copyright © 2012 John Wiley & Sons, Ltd.factor was positively associated with factors indicative of
increased odds for marijuana use problems and treatment
need (weekly or early onset of marijuana use, serious
psychological distress, substance abuse treatment) (Anthony
and Petronis, 1995; Baker et al., 2010; Gfroerer and Epstein,
1999; Gfroerer et al., 2002b; Smith et al., 2010; SAMHSA,
2008). Results also showed that theMUD level was more pos-
itively correlated with serious psychological distress than with
major depression or poor self-rated health, as associations
with these latter two problems were reduced substantially
once the model considered weekly and early marijuana use,
serious psychological distress, and treatment use. Thus, mar-
ijuana users with multiple MUD symptoms are also likely to
present with pervasive symptoms of psychological distress
that require mental health treatment (SAMHSA, 2008).
Further, the findings highlight the need to monitor the
trend and investigate factors associated with marijuana use
and MUDs, especially for African-Americans, Hispanics,
and young adults. By comparing rates of MUDs in the
1991–1992 National Longitudinal Alcohol Epidemiologic
Survey (NLAES) with rates in the 2001–2002 NESARC,
Compton et al. (2004) reported an increase in marijuana
use andMUDs in the 18–29 age group of African-Americans
and Hispanics but not in their White counterparts. Rates of
treatment admissions for primary marijuana abuse also had
increased from 12% in 1997 to 16% in the 2007 Treatment
Episode Data Set (TEDS); primary marijuana abuse
accounted for a greater proportion of all admissions for
African-Americans (21.9%) and Hispanics (16.7%) than
for Whites (13.5%) (SAMHSA, 2009a).
How these increases in use relate to the increasing prev-
alence of legalized medical marijuana is unclear but worth
study. To date, 15 states plus Washington, DC, have legal-
izedmedical marijuana and another 10 have pending legisla-
tion (ProCon.org, 2010). Given concerns about potential
misuse/abuse of marijuana and psychiatric problems associ-
ated with repeated marijuana use (Kuepper et al., 2011;
McGrath et al., 2010; Seely et al., 2011), future research
should examine the effects of medical marijuana on state-
level variations in marijuana use and MUDs (e.g. changes
in trends of marijuana use andMUDs by legalization status).
Results suggest that adult marijuana users, particularly those
who are African-American, Hispanic, or who have mental
health problems, may be vulnerable to adverse effects from
marijuana use and warrant efforts to include them in the
analysis and reporting of research findings.
Lastly, indication of gender- and race/ethnicity-related
DIF in self-reports of MUD symptoms, along with similar
evidence of DIF from diagnostic questions for alcohol and
MUDs in other national surveys (NESARC and NLAES),
suggest that DIF by respondents’ gender or racial/ethnic2/mpr
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A dimensional approach to marijuana use disorders L.-T. Wu et al.backgrounds is an inherent measurement issue in self-
reports of abuse/dependence symptoms (Agrawal and
Lynskey, 2007; Blanco et al., 2007; Carle, 2009, 2010;
Grant et al., 2007; Wu et al., 2009c). Indeed, various
cultural and societal backgrounds exert differential effects
on respondents’ interpretations of and response to survey
questions (Johnson et al., 2006; Warnecke et al., 1997).
Researchers thus have highlighted the need to address
these confounding effects on the criteria for SUDs and
addiction research (Carle, 2009, 2010; Room, 2006).
However, it is not a common practice to consider DIF in
research on SUD data, and research analyses via traditional
regression procedures implicitly ignore the effects of DIF.
The results presented here show that increased efforts are
needed to consider DIF in the analysis of MUD and other
SUD data, especially when population disparities in SUDs
(gender, race/ethnicity) are key research questions. Finally,
effective interventions and health policies for population
subgroups rely on sound diagnostic tools and accurate
health statistics. Therefore, systematic research is needed
to test and develop questions that are truly applicable to
different gender and racial/ethnic groups.Study limitations and strengths
These findings should be interpreted with some caution.
Like other national surveys, NSDUH relies on self-reports.
Although our focus on past-year MUDs and health-related
variables might minimize recall errors, self-reports could
be influenced by memory errors and under-reporting,
and self-reported SUDs have not been validated by
clinicians. Longitudinal studies are needed to evaluate
the clinical utility of model-based MUDs and other SUDs.
Results also do not apply to a small (<2%) group of
incarcerated, institutionalized, or homeless adults who
are not included in the NSDUH.
Additionally, “withdrawal” and “craving” (Kranzler et al.,
1999) are not considered necessary for DSM-IV MUDs
and thus were not collected by NSDUH. Among drug-
dependent adults in addiction treatment, 16.7% of mari-
juana users report marijuana withdrawal symptoms in
the past year, a symptom that had the lowest prevalence
of all marijuana dependence criteria (Wu et al., 2009b).
In a national sample of adults, 1.3% of alcohol users
reported alcohol craving in the past year (Keyes et al.,
2011). Although little is known about the true extent of
marijuana-specific withdrawal and craving in the general
population of adults who used any marijuana, prior
results suggest that both symptoms may be less prevalent
than DSM-IV MUD criteria. Additional research is
needed to better describe their prevalence in the generalInt. J. Me
130population. Nonetheless, from our extensive IRT model-
ing experience, we have found that adding or removing
one indicator of the same domain of the construct from
the model has minimal effect on the size of parameters
for other symptom indicators, and that it does not alter
their direction. Other IRT research has also demonstrated
this observation (Compton et al., 2009).
Lastly, it should be noted that IRT analysis of a given
set of assessments provides model-based estimates for
a SUD that is constrained by the fact that it does not
consider a wide range of psychosocial and health
consequences. These model-based estimates require
additional research to describe their clinical utility,
and the use of MIMIC modeling provides a means to
relate the IRT-based MUD severity with health-related
measures (Wu et al., 2009c).
NSDUH also has noteworthy strengths. It uses computer-
assisted interviewing methods to increase respondents’
reporting of substance use behaviors, treatment use, and
health status (Turner et al., 1998; SAMHSA, 2009a). The
sample is representative of non-institutionalized Americans,
and it includes the largest sample of marijuana users
presently available for this research. Results have a higher
level of generalizability for population subgroups than
results from a convenience sample.
Conclusions
Results suggest redundancy in multiple items for MUD
criteria. Items closely related to indicators of impairment
– role interference and giving up important activities – are
the most reliable indicators for MUD symptoms and
should be studied further for their utility as screeners.
Because self-reports are subject to measurement errors,
additional consideration of other health indicators is needed
to improve case ascertainment. MIMIC methods using
fuller information from all available diagnostic data and
incorporating differential item-response functioning from
self-reports can improve understanding of population dis-
parities for MUDs and other SUDs and provide additional
information about treatment needs (Wu et al., 2009c).
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